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METHODS, SYSTEMS, AND
COMPUTER-READABLE MEDIA FOR
UTILIZING A REPEATING FUNCTION TO
IMPROVE QUALITY OF SERVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application 1s a continuation of and claims
priority to co-pending U.S. patent application Ser. No.
11/864,293, entitled “Methods, Systems, And Computer-
Readable Media For Utilizing A Repeating Function To
Improve Quality Of Service,” filed Sep. 28, 2007, now U.S.
Pat. No. 8,265,530, 1ssued on Sep. 11, 2012, which is herein

incorporated by reference in its entirety.

TECHNICAL FIELD

This application relates generally to the field of quality of
service. More specifically, the disclosure provided herein
relates to the field of cellular-related quality of service.

BACKGROUND

Cellular-related quality of service (“QoS”) 1ssues are a
significant source of frustration for service providers as well
as their customers. Common QoS 1ssues include bandwidth
limitations, jitter, delay and latency, packet loss, and interfer-
ence. QoS 1ssues may result in a number of problems for
customers, potentially causing customers to change service
providers. In one example, a customer may experience a
“dropped call,” in which a phone call unexpectedly ends. In
another example, a customer may experience a slow data
transier rate that 1s not suitable for transferring high-band-
width content, such as video and music. In yet another
example, a customer may experience unacceptable quality of
service, causing customer dissatisfaction ranging from
annoyance to anger.

Metropolitan areas are commonly populated with sky-
scrapers and other large buildings and objects. These sky-
scrapers, when located between a cellular device and a cellu-
lar tower, may block the signal between the cellular device
and the cellular tower and cause multi-path retlections. The
result 1s that QoS may sufler because communication
between the cellular device and the cellular tower may be
partly or entirely lost.

SUMMARY

Embodiments of the disclosure presented herein include
methods, systems, and computer-readable media for utilizing,
a repeating function to improve quality of service. According
to one aspect, a method for utilizing a repeating function to
improve quality of service between a cellular service provider
and a second mobile cellular device 1s provided. According to
the method, a first mobile cellular device 1s selected. An
instruction 1s transmitted to the first mobile cellular device
instructing the first mobile cellular device. The instruction
causes the first mobile cellular device to relay communica-
tions between the second mobile cellular device and the cel-
lular service provider. The first mobile cellular device thereby
provides the repeating function for the second mobile cellular
device. According to exemplary embodiments, this may
include directing the device which will provide the repeating
function to switch operating modes 1n order to accomplish the
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repeating function, for example to switch from a normal
cellular device operating mode to a cellular repeater mode or
a mixed mode.

According to another aspect, a system for utilizing a
repeating function to improve quality of service between a
cellular service provider and a second mobile cellular device
1s provided. The system includes a memory and a processor
functionally coupled to the memory. The memory stores a
program containing code for utilizing the repeater. The pro-
cessor 1s responsive to computer-executable mstructions con-
tained 1n the program and operative to select a first mobile
cellular device, and transmit an 1nstruction to the first mobile
cellular device. The 1nstruction causes the first mobile cellu-
lar device to relay communications between the second
mobile cellular device and the cellular service provider. The
first mobile cellular device thereby provides the repeating
function for the second mobile cellular device.

According to yet another aspect, a computer-readable
medium having instructions stored thereon for execution by a
processor to perform a method for utilizing a repeating func-
tion to improve quality of service between a cellular service
provider and a second mobile cellular device 1s provided.
According to the method, a first mobile cellular device 1s
selected. An instruction 1s transmitted to the first mobile
cellular device instructing the first mobile cellular device. The
instruction causes the first mobile cellular device to relay
communications between the second mobile cellular device
and the cellular service provider. The first mobile cellular
device thereby provides the repeating function for the second
mobile cellular device.

Other systems, methods, and/or computer program prod-
ucts according to embodiments will be or become apparent to
one with skill in the art upon review of the following drawings
and detailed description. It 1s intended that all such additional
systems, methods, and/or computer program products be
included within this description, be within the scope of the
present invention, and be protected by the accompanying
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a high-level diagram illustrating an exemplary
repeater configuration.

FIG. 2 1s a block diagram illustrating a system configured
to select and utilize a repeater to improve quality of service
(““Q0S”), 1n accordance with exemplary embodiments.

FIG. 3 1s a flow diagram 1illustrating a method for selecting,
and utilizing a repeater to improve QoS, 1 accordance with
exemplary embodiments.

DETAILED DESCRIPTION

The following detailed description 1s directed to methods,
systems, and computer-readable media for utilizing a repeater
to improve quality of service (QoS). In the following detailed
description, references are made to the accompanying draw-
ings that form a part hereof, and which are shown by way of
illustration through specific embodiments or examples.

Skyscrapers and other large buildings and objects may
tully or partially block a signal between a cellular device and
a cellular tower. It may be noted that these skyscrapers are
typically in metropolitan areas that may be occupied by large
numbers of users of cellular devices. Thus, for any given user
who 1s blocked by a skyscraper, 1t may be presumed that the
given user may be surrounded, within a relatively short dis-
tance, by other users who are not blocked by a skyscraper or
other obstacle. It 1s under this notion that embodiments
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described herein provide for selecting and utilizing one or
more nearby cellular devices to serve as a repeater.

Referring now to the drawings, it 1s to be understood that
like numerals represent like elements through the several
figures, and that not all components and/or steps described
and 1llustrated with reference to the figures are required for all
embodiments. FIG. 1 1s a high-level diagram illustrating an
exemplary repeater configuration 100. The configuration 100
includes a first cellular device 102, a second cellular device
104, and a third cellular device 106. Examples of the cellular
devices 102, 104, 106 may include, but are not limited to,
cellular phones, smart phones, personal digital assistants
(“PDASs™), and other suitable devices capable of communi-
cating via a cellular network. As illustrated in FIG. 1, an
obstruction 108, such as a building, blocks a first link 110
between the first cellular device 102 and a cellular tower 112.
In particular, the obstruction 108 may affect the QoS of com-
munications between the first cellular device 102 and the
cellular tower 112. The second cellular device 104 and the
third cellular device 106 have unobstructed or less-obstructed
access to the cellular tower 112 as indicated by a second link
114 and a third link 116, respectively.

Because the second cellular device 104 and the third cel-
lular device 106 have unobstructed access to the cellular
tower 112, the second cellular device 104 and the third cel-
lular device 106 may be considered as repeater candidates for
the first cellular device 102, according to exemplary embodi-
ments. As used herein, a repeater candidate refers to a cellular
device that may serve as a repeater, which 1s essentially a
proxy or conduit to the cellular tower 112. As the name
suggests and as used herein, the repeater “repeats” a signal
received from a source and forwards the signal to a destina-
tion. In one example, the first cellular device 102 may com-
municate with the cellular tower 112, and vice versa, by
utilizing the second cellular device 104 as a repeater. In this
case, mstead of using the broken or partially impaired first
link 110 to transmit a signal, the first cellular device 102
transmits the signal to the second cellular device 104 via a
first repeater link 118. In response to receiving the signal, the
second cellular device 104 retransmits the signal to the cel-
lular tower 112 via the second link 114. The cellular tower
112 then communicates back to the first cellular device 102
using the reverse process, 1.e., via first the second link 114 and
then the first repeater link 118. In another example, the first
cellular device 102 may communicate with the cellular tower
112, and vice versa, by utilizing the third cellular device 106
as a repeater. In this case, the first cellular device 102 trans-
mits the signal to the third cellular device 106 via a second
repeater link 120. In response to receiving the signal, the third
cellular device 106 retransmits the signal to the cellular tower
112 via the third link 116. The cellular tower 112 then com-
municates back to the first cellular device 102 using the
reverse process, 1.¢., via first the third link 116 and then the
second repeater link 120.

By functioning as a repeater, the second cellular device 104
or the third cellular device 106 may enable the first cellular
device 102 to communicate with the cellular tower 112 even
though the conventional link (i.e., the first link 110) between
the first cellular device 102 and the cellular tower 112 1s
broken or partially impaired. In a first embodiment, the sec-
ond cellular device 104 or the third cellular device 106 may
individually serve as a repeater. In a second embodiment, the
second cellular device 104 and the third cellular device 106
may be utilized 1n conjunction to serve as a repeater. For
example, the second cellular device 104 and the third cellular
device 106 may each receive half or any other proportion of
the signal from the first cellular device 102 and retransmit
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their respective proportion of the signal to the cellular tower
112. In this case, the cellular tower 112 or a system 200 may
reassemble the two proportions of the signal recerved from
the second cellular device 104 and third cellular device 106.
In a third embodiment, the second cellular device 104 and/or
the third cellular device 106 may be utilized to transmit only
a part of the signal for the first cellular device 102. For
example, the first cellular device 102 may be able to transmut
a part of the signal to the cellular tower 112 via the first link
110. However, the first link 110 may be 1n such a condition
(e.g., partially blocked by the obstruction 108) that utilizing
the second cellular device 104 and/or the third cellular device
106 as a repeater may increase QoS. In this case, the cellular
tower 112 or the system 200 may reassemble the portions of
the signal received from the first cellular device 102 and at
least one of the second cellular device 104 and the third
cellular device 106. It should be appreciated that the use of
two repeaters 1 FIG. 1 1s exemplary and merely 1llustrative.
In particular, any suitable number of repeaters may be used to
enable the first cellular device 102 to communicate with the
cellular tower 112.

In the second and third embodiments described above, by
splitting the load between one or more of the first cellular
device 102, the second cellular device 104, and the third
cellular device 106, any potential drawbacks from relying on
only one cellular device may be diminished. These potential
drawbacks may include, but are not limited to, untfair reliance
or excessive battery depletion on either the second cellular
device 104 or the third cellular device 106. Further, 1t 1s
important to note that the second cellular device 104 and the
third cellular device 106 are primary devices for their respec-
tive users, according to exemplary embodiments. That 1s, the
second cellular device 104 and the third cellular device 106 do
not sumply serve as “dumb” repeaters or for the exclusive
benelit of the first cellular device 102 by enabling the first
cellular device 102 to communicate with the cellular tower
112. As such, the usage of the second cellular device 104 and
the third cellular device 106 as a repeater should not notice-
ably impact their usual operations and services for their
respective users. It should be appreciated, however, that in
some cases, such noticeable impact might be allowed, but
likely with the recognition that users of the second cellular
device 104 and the third cellular device 106 could be
adversely affected and might become dissatistied.

The cellular tower 112 1s operatively connected to the
system 200 via a network 218. According to exemplary
embodiments, the system 200 includes a repeater control
module 216. The system 200 and the repeater control module
216 are described 1n greater detail below with respect to
FIGS. 2 and 3. It should be appreciated that the repeater
control module 216 1s shown included within the system 200
only as an 1llustrative example. In further embodiments, the
repeater control module 216 may be included in the first
cellular device 102, the second cellular device 104, the third
cellular device 106, or any combination thereof.

FIG. 2 and the following discussion are intended to provide
a briefl, general description of a suitable computing environ-
ment 1n which embodiments may be implemented. While
embodiments will be described 1n the general context of
program modules that execute 1n conjunction with an appli-
cation program that runs on an operating system on a com-
puter system, those skilled in the art will recognize that the
embodiments may also be implemented 1n combination with
other program modules.

Generally, program modules include routines, programs,
components, data structures, and other types of structures that
perform particular tasks or implement particular abstract data




US 8,503,927 B2

S

types. Moreover, those skilled 1n the art will appreciate that
embodiments may be practiced with other computer system
configurations, including hand-held devices, multiprocessor
systems, microprocessor-based or programmable consumer
clectronics, minicomputers, mainirame computers, and the
like. The embodiments may also be practiced in distributed
computing environments where tasks are performed by
remote processing devices that are linked through a commu-
nications network. In a distributed computing environment,
program modules may be located 1n both local and remote
memory storage devices.

FI1G. 2 15 a block diagram illustrating the system 200 con-
figured to select and utilize a repeater to improve QoS, 1n
accordance with exemplary embodiments. As used herein,
the term utilize may include, but 1s limited to, the operations
of configuring, adapting, modifying, and changing operating
modes and parameters. The system 200 includes a processing
unit 202, a memory 204, one or more user 1terface devices
206, one or more input/output (“I/0O”) devices 208, and one or
more network devices 210, each of which 1s operatively con-
nected to a system bus 212. The bus 212 enables bi-direc-
tional communication between the processing unit 202, the
memory 204, the user interface devices 206, the I/O devices
208, and the network devices 210. Examples of the system
200 1include, but are not limited to, computers, servers, per-
sonal digital assistants, cellular phones, or any suitable com-
puting devices.

The processing unit 202 may be a standard central proces-
sor that performs arithmetic and logical operations, a more
specific purpose programmable logic controller (“PLC”), a
programmable gate array, or other type of processor known to
those skilled 1n the art and suitable for controlling the opera-
tion of the server computer. Processing units are well-known
in the art, and therefore not described 1n further detail herein.

The memory 204 communicates with the processing unit
202 via the system bus 212. In one embodiment, the memory
204 1s operatively connected to a memory controller (not
shown) that enables communication with the processing unit
202 via the system bus 212. The memory 204 includes an
operating system 214 and the repeater control module 216,
according to exemplary embodiments. Examples of operating
systems, such as the operating system 214, include, but are

not limited to, WINDOWS and WINDOWS MOBILE oper-
ating systems from MICROSOFT CORPORATION, MAC
OS operating system from APPLE CORPORATION,
LINUX operating system, SYMBIAN OS from SYMBIAN
SOFTWARE LIMITED, BREW from QUALCOMM
INCORPORATED, and FREEBSD operating system. In one
embodiment, the repeater control module 216 1s embodied 1n
computer-readable media containing instructions that, when
executed by the processing unit 202, performs a method for
selecting and utilizing a repeater to i1mprove QoS, as
described 1n greater detail below with respect to FIG. 3.
According to further embodiments, the repeater control mod-
ule 216 may be embodied 1n hardware, software, firmware, or
any combination thereof.

By way of example, and not limitation, computer-readable
media may comprise computer storage media and communi-
cation media. Computer storage media includes volatile and
non-volatile, removable and non-removable media 1mple-
mented 1n any method or technology for storage of informa-
tion such as computer-readable 1nstructions, data structures,
program modules, or other data. Computer storage media

includes, but 1s not limited to, RAM, ROM, Frasable Pro-
grammable ROM (“EPROM?”), Electrically Erasable Pro-
grammable ROM (“EEPROM”), flash memory or other solid

state memory technology, CD-ROM, digital versatile disks
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(“DVD”), or other optical storage, magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the
desired information and which can be accessed by the system
200.

The user interface devices 206 may include one or more
devices with which a user accesses the system 200. The user
interface devices 206 may include, but are not limited to,
computers, servers, personal digital assistants, cellular
phones, or any suitable computing devices. The I/O devices
208 enable a user to mterface with the repeater control mod-
ule 216. In one embodiment, the I/O devices 208 are opera-
tively connected to an I/O controller (not shown) that enables
communication with the processing unit 202 via the system
bus 212. The I/O devices 208 may include one or more input
devices, such as, but not limited to, a keyboard, a mouse, or an
clectronic stylus. Further, the I/O devices 208 may include
one or more output devices, such as, but not limited to, a
display screen or a printer.

The network devices 210 enable the system 200 to com-
municate with other networks or remote systems via a net-
work, such as the network 218. Examples of network devices
210 may include, but are not limited to, a modem, a radio
frequency (“RF”) or infrared (“IR”) transceiver, a telephonic
interface, a bridge, a router, or a network card. The network
218 may include a wireless network such as, but not limited
to, a Wireless Local Area Network (“WLAN™) such as a
WI-FI network, a Wireless Wide Area Network (“WWAN”),
a Wireless Personal Area Network (“WPAN™) such as BLUE-
TOOTH, a Wireless Metropolitan Area Network (“WMAN”)
such a WiIMAX network, or a cellular network. Alternatively,
the network 218 may be a wired network such as, but not
limited to, a Wide Area Network (“WAN™) such as the Inter-
net, a Local Area Network (“LLAN”) such as the Ethernet, a
wired Personal Area Network (“PAN™), or a wired Metropoli-
tan Area Network (“MAN”).

FIG. 3 1s a flow diagram 1llustrating a method 300 for
selecting and utilizing a repeater to improve QoS, 1 accor-
dance with exemplary embodiments. According to the
method 300, the repeater control module 216 determines (at
302) an msufficient signal between the first cellular device
102 and a cellular tower, such as the cellular tower 112. The
insuificient signal may be determined based on quality deg-
radation or even a complete loss of the signal or connection
between the first cellular device 102 and the cellular tower
112. Quality degradation may include degradation based on
bandwidth, signal power, signal-to-noise ratio, jitter, latency
and delay, data loss, interference, and combinations thereof.
In one embodiment, the insuificient signal 1s caused by an
obstruction, such as the obstruction 108, that atfects the signal
between the first cellular device 102 and the cellular tower
112.

The repeater control module 216 determines (at 304) a
plurality of repeater candidates which the first cellular device
102 can utilize to communicate with cellular tower 112 1rre-
spective of the obstruction 108. The repeater candidates may
include any suitable cellular devices, such as the second cel-
lular device 104 and the third cellular device 106, with unob-
structed or less-obstructed access to the cellular tower 112.
For illustrative purposes, the second cellular device 104 and
the third cellular device 106 may be referred hereinafter as
repeater candidates 104, 106. In a first embodiment, the
repeater candidates 104, 106 proactively offer their availabil-
ity to the repeater control module 216. For example, the
second cellular device 104 may transmit a signal to the cel-
lular tower 112 indicating availability to serve as arepeater. In
a second embodiment, the repeater control module 216 polls
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a plurality of potential repeater candidates and receives indi-
cations from those cellular devices, such as the second cellu-
lar device 104 and the third cellular device 106, that are
available to serve as repeaters for the first cellular device 102.
According to exemplary embodiments, a potential repeater
candidate 1s available to serve as a repeater if the potential
repeater candidate 1s within a predetermined distance from
and/or has a suiliciently good communications link with the
first cellular device 102, has an unobstructed or suificiently
less-obstructed communication link with the cellular tower
112, and has the qualified capacity to act as a repeater for the
first cellular device 102. It should be understood by those
skilled 1n the art that any type and number of parameters may
need to be met to qualify a potential repeater candidate as
available to serve as a repeater for a particular cellular device.
In a third embodiment, the repeater control module 216
selects the repeater candidates, such as the repeater candi-
dates 104, 106, from a plurality of potential repeater candi-
dates. The repeater candidates 104, 106 may be selected
based on the user preferences associated with the repeater
candidates 104, 106, the service contract associated with the
repeater candidates 104, 106, the type and/or model of the
repeater candidates 104, 106, the technological limitations of
the repeater candidates 104, 106, and the like. It should be
understood by those skilled 1n the art that any type and num-
ber of parameters may be used by the repeater control module
216 to select the repeater candidates 104, 106.

The repeater control module 216 ranks (at 306) the plural-
ity of repeater candidates 104, 106 based on one or more
repeater candidate criteria. In one embodiment, the repeater
candidate criteria include measured factors, such as distance
and signal strength. In one example, the measured factors
may 1nclude the distance between the first cellular device 102,
the repeater candidates 104, 106, and the cellular tower 112.
As 1llustrated in FIG. 1, the distance from the first cellular
device 102 to the second cellular device 104 to the cellular
tower 112 1s less than the distance from the first cel

lular
device 102 to the third cellular device 106 to the cellular tower
112. Since the distance with respect to the second cellular
device 104 1s shorter than the distance with respect to the third
cellular device 106, the second cellular device 104 may be
ranked higher than the third cellular device 106. As 1s known
to those skilled 1n the art, distances may relate to the expected
quality or “goodness” of the associated communications
links. As a result, shorter distances may rank higher due to
better expected communications quality. Alternatively or
additionally, the expected quality or “goodness™ of commu-
nications links can be explicitly measured, as for example by
measuring received signal levels and/or signal-to-noise ratio
of transmitted signals that may include special test or carrier
signals. In another example, the measured factors may
include the location geometry with respect to the first cellular
device 102, the repeater candidates 104, 106, the obstruction
108, and the cellular tower 112. The location geometry may
be based, for example, on a geometric analysis of the connec-
tions between the first cellular device and the repeater candi-
dates 104, 106, as well as the connections between the
repeater candidates 104, 106 and the cellular tower 112, each
with respect to the obstruction 108. The geometric analysis
may be based on location information provided by a global
positional system (“GPS”") device associated with the devices
102,104, and 106. The geometric analysis may also be based
on location information determined based on triangulation or
any other method of determining the location of each of the
devices 102, 104, 106, as well as the location of the cellular
tower 112. Other measured factors may include signal
strength and signal-to-noise ratio. In further embodiments,

10

15

20

25

30

35

40

45

50

55

60

65

8

the repeater candidate criteria include non-measured factors,
such as policy rules. In one embodiment, the policy rules
include rules 1n a service contract associated with each of the
repeater candidates 104, 106 and/or the first cellular device
102. For example, the service contract may specily limita-
tions with respect to the second cellular device 104 and the
third cellular device 106 serving as a repeater. It should be
understood by those skilled 1n the art that any type and num-
ber of parameters may be used by the repeater control module
216 to rank the repeater candidates 104, 106.

The repeater control module 216 selects (at 308) the sec-
ond cellular device 104 from the plurality of repeater candi-
dates 104, 106 to serve as arepeater for the first cellular device
102. For example, the repeater control module 216 may select
the second cellular device 104 because the second cellular
device 104 1s higher ranked than the third cellular device 106.
The repeater control module 216 transmits (at 310) an
instruction to the second cellular device 104 to begin provid-
ing a repeating function for the first cellular device 102. The
instruction may include information 1dentiiying the first cel-
lular device 102 to the second device 104. In one embodi-
ment, the repeating function refers to the second cellular
device 104 recerving a signal from the first cellular device 102
and retransmitting the signal to the cellular tower 112, and
vice versa, for communications from the cellular tower 112 to
the first cellular device 102. The first cellular device 102 and
the second cellular device 104 may 1nitiate communications
via a suitable handshaking protocol and a suitable authenti-
cation protocol. In one embodiment, the repeater control
module 216 transmits (at 312) an instruction to the first cel-
lular device 102 to transmit at least part of the signal to the
second cellular device 104. In a further embodiment, the
second cellular device 104 may 1instruct the first cellular
device 102 during the handshake and authentication proto-
cols to transmit at least part of the signal to second cellular
device 104. The repeater control module 216 monitors (at
314) the repeating function provided by the second cellular
device 104 to measure the improvement, 1f any, resulting from
the second cellular device 104 serving as a repeater. The
improvement may be determined based on increased data rate
and other suitable QoS-related factors such as one or more of
reduced jitter, reduced delay and latency, reduced data loss,
and the like.

In one embodiment, two or more repeater candidates 104,
106 may be selected and utilized 1n conjunction to provide the
repeating function. By utilizing multiple repeater candidates
104, 106 1n conjunction, the potential for excessive battery
consumption and unfair reliance on each repeater candidate
104, 106 may be reduced. For example, frequency multiplex-
ing or time slotting may be used to allocate a given amount of
resources of each repeater candidate 104, 106 so as to spread
the repeating activity between them in order to provide the
repeating function.

The repeater control module 216 determines (at 316)
whether the improvement 1s satisfactory and 1t all the repeater
candidates 104, 106 are exhausted. The improvement may
initially be satistactory, but may become unsatisiactory if, for
example, a degradation in the signal transmitted from the
second cellular device 104 to the cellular tower 112 or a
degradation 1n the signal transmitted between the first cellular
device 102, and the second cellular device 104 1s detected or
policy rules (e.g., the service contract) associated with the
first cellular device 102 and/or the second cellular device 104
are violated. The degradation 1n the signal may be detected by
the system 200, the first cellular device 102, or the second
cellular device 104. Signal degradation may occur for any
number of reasons including, but not limited to, changes in
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the noise environment as well as changes in the distances
associated with the communications links caused by the
movement of users. If, for example, the first cellular device
102 detects the degradation 1n the signal, the first cellular
device 102 may notify the repeater control module 216 of the
degradation and/or request termination of the repeating func-
tion. If, for example, the second cellular device 104 detects
the degradation 1n the signal, the second cellular device 104
may notily the repeater control module 216 of the degrada-
tion, request termination of the repeating function, and/or
seli-terminate due to the degradation.

Further, the improvement may become unsatisfactory if the
charge of the battery on the second cellular device 104 drops
to a critical level or 1 the second cellular device 104 no longer
has an unobstructed or suiliciently less-obstructed second
link 114 to the cellular tower 112. In response to determining
that the improvement 1s not satisfactory and that the repeater
candidates are not exhausted, the repeater control module 216
selects (at 308) the next repeater candidate from the ranked

plurality of repeater candidates 104, 106. For example, the
repeater control module 216 may select the third cellular
device 106. The operations 308, 310, 312, 314, and 316 may
be repeated until a satisfactory improvement 1s determined or
until all the repeater candidates are exhausted.

In response to determining that the improvement 1s satis-
factory, the repeater control module 216 determines (at 318)
whether to terminate the repeating function. The repeating
function may be terminated 11 the first cellular device 102 no
longer needs the repeating function or 1f the repeating func-
tion can no longer provide a satisfactory improvement. In one
embodiment, the first cellular device 102 transmits an indi-
cation to the repeater control module 216 that the second
cellular device 104 1s no longer needed to provide the repeat-
ing function. In a further embodiment, the repeater control
module 216 analyzes suitable metrics to determine whether
the repeating function 1s beneficial. If the repeater control
module 216 determines not to terminate the repeating func-
tion, the repeater control module 216 returns to operation 314
and continues utilizing the second cellular device 104 as the
repeater for the first cellular device 102. If the repeater control
module 216 determines to terminate the repeating function,
the repeater control module 216 transmits (at 320) a signal to
the second cellular device 104 to deactivate the repeating
tfunction. The repeater control module 216 may also transmut
a signal to the first cellular device 102 that the second cellular
device 104 1s deactivating the repeating function. The second
cellular device 104 may also self-terminate due to hardship
from providing the repeating function.

Although the subject matter presented herein has been
described in conjunction with one or more particular embodi-
ments and implementations, 1t 1s to be understood that the
embodiments defined 1n the appended claims are not neces-
sarily limited to the specific structure, configuration, or func-
tionality described herein. Rather, the specific structure, con-
figuration, and functionality are disclosed as example forms
of implementing the claims.

The subject matter described above 1s provided by way of
illustration only and should not be construed as limiting.
Various modifications and changes may be made to the sub-
ject matter described herein without following the example
embodiments and applications illustrated and described, and
without departing from the true spirit and scope of the
embodiments, which 1s set forth in the following claims.

What is claimed 1s:
1. A method for utilizing a repeating function to improve
quality of service of a cellular device, the method comprising:
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identifying an insuificient signal between the cellular
device and a base station communicatively coupled to
the cellular device;

determiming a plurality of repeater candidates, the plurality
of repeater candidates comprising a plurality of other
cellular devices configured to resolve the insuificient
signal by relaying communications between the cellular
device and the base station, wherein determining the
plurality of repeater candidates comprises

determining a first set of repeater candidates 1n the plu-

rality of repeater candidates, the first set of repeater
candidates comprising a first set of cellular devices
that request to be repeaters,
determining a second set of repeater candidates 1n the
plurality of repeater candidates, the second set of
repeater candidates comprising a second set of cellu-
lar devices that indicate availability to server as
repeaters 1n response to a poll, and
determining a third set of repeater candidates in the
plurality of repeater candidates, the third set of
repeater candidates comprising a third set of cellular
devices that are within a predetermined distance from
the cellular device, have sufficient signal strength to
the base station, and have capacity to serve as repeat-
ers;
ranking the plurality of repeater candidates, wherein rank-
ing the plurality of repeater candidates comprises rank-
ing the plurality of repeater candidates based on a dis-
tance of each of the plurality of repeater candidates to the
cellular device, a signal strength of each of the plurality
of repeater candidates to the base station, and available
capacity of each of the plurality of repeater candidates to
serve as repeaters, each of the plurality of repeater can-
didates associated with one of a plurality of ranks;

selecting a highest ranked repeater candidate from the plu-
rality of repeater candidates; and

configuring the highest ranked repeater candidate to serve

as a repeater between the cellular device and the base
station.

2. The method of claim 1, further comprising;

determiming whether the repeater resolves the msuificient

signal;

responsive to determining that the repeater does notresolve

the 1nsuificient signal, selecting a next highest ranked
repeater candidate from the plurality of repeater candi-
dates; and

configuring the next highest ranked repeater candidate to

serve as a second repeater, in place of the repeater,
between the cellular device and the base station.
3. The method of claim 1, further comprising:
determining whether the insuilicient signal no longer exists
between the cellular device and the base station; and

responsive to determining that the msuificient signal no
longer exists between the cellular device and the base
station, configuring the highest ranked repeater candi-
date to terminate serving as the repeater between the
cellular device and the base station.

4. The method of claim 1, wherein configuring the highest
ranked repeater candidate to serve as the repeater between the
cellular device and the base station comprises transmitting an
istruction to the highest ranked repeater candidate, the
instruction causing the highest ranked repeater candidate to
serve as the repeater by relaying communications between
the cellular device and the base station.

5. A system for utilizing a repeating function to improve
quality of service of a cellular device, comprising:

a processor; and
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a memory coupled to the processor, the memory compris-
ing instructions that, when executed by the processor,
cause the processor to perform operations comprising;:
identifyving an insuilicient signal between the cellular

device and a base station communicatively coupled to
the cellular device,
determining a plurality of repeater candidates, the plu-
rality of repeater candidates comprising a plurality of
other cellular devices configured to resolve the msui-
ficient signal by relaying communications between
the cellular device and the base station, wherein deter-
mining the plurality of repeater candidates comprises
determining a first set of repeater candidates 1n the
plurality of repeater candidates, the first set of
repeater candidates comprising a first set of cellular
devices that request to be repeaters,
determining a second set of repeater candidates 1n the
plurality of repeater candidates, the second set of
repeater candidates comprising a second set of cel-
lular devices that indicate availability to server as
repeaters 1n response to a poll, and
determining a third set of repeater candidates 1n the
plurality of repeater candidates, the third set of
repeater candidates comprising a third set of cellu-
lar devices that are within a predetermined distance
from the cellular device, have suflicient signal
strength to the base station, and have capacity to
serve as repeaters,
ranking the plurality of repeater candidates, wherein
ranking the plurality of repeater candidates comprises
ranking the plurality of repeater candidates based on a
distance of each of the plurality of repeater candidates
to the cellular device, a signal strength of each of the
plurality of repeater candidates to the base station, and
available capacity of each of the plurality of repeater
candidates to serve as repeaters, each of the plurality
of repeater candidates associated with one of a plu-
rality of ranks,
selecting a highest ranked repeater candidate from the
plurality of repeater candidates, and
configuring the highest ranked repeater candidate to

serve as a repeater between the cellular device and the
base station.

6. The system of claim 5, wherein the instructions, when
executed by the processor, cause the processor to perform
turther operations comprising;:

determining whether the repeater resolves the insuificient

signal;

responsive to determining that the repeater does notresolve

the 1suificient signal, selecting a next highest ranked
repeater candidate from the plurality of repeater candi-
dates; and

configuring the next highest ranked repeater candidate to

serve as a second repeater, 1n place of the repeater,
between the cellular device and the base station.
7. The system of claim 5, wherein the instructions, when
executed by the processor, cause the processor to perform
turther operations comprising;:
determining whether the insuificient signal no longer exists
between the cellular device and the base station; and

responsive to determining that the insuificient signal no
longer exists between the cellular device and the base
station, configuring the highest ranked repeater candi-
date to terminate serving as the repeater between the
cellular device and the base station.

5

10

15

20

25

30

35

40

45

50

55

60

65

12

8. A non-transitory computer-readable storage medium
having instructions stored thereon that, when executed by a
processor, cause the processor to perform operations com-
prising;:

identifying an insufficient signal between the cellular

device and a base station commumicatively coupled to
the cellular device;

determining a plurality of repeater candidates, the plurality

of repeater candidates comprising a plurality of other

cellular devices configured to resolve the insufficient

signal by relaying communications between the cellular

device and the base station, wherein determining the

plurality of repeater candidates comprises:

determining a first set of repeater candidates 1n the plu-
rality of repeater candidates, the first set of repeater
candidates comprising a first set of cellular devices
that request to be repeaters,

determining a second set of repeater candidates 1n the
plurality of repeater candidates, the second set of
repeater candidates comprising a second set of cellu-
lar devices that indicate availability to server as
repeaters 1n response to a poll, and

determining a third set of repeater candidates in the
plurality of repeater candidates, the third set of
repeater candidates comprising a third set of cellular
devices that are within a predetermined distance from

the cellular device, have sutlicient signal strength to
the base station, and have capacity to serve as repeat-
ers;
ranking the plurality of repeater candidates, wherein rank-
ing the plurality of repeater candidates comprises rank-
ing the plurality of repeater candidates based on a dis-
tance ol each ol the plurality of repeater candidates to the
cellular device, a signal strength of each of the plurality
of repeater candidates to the base station, and available
capacity of each of the plurality of repeater candidates to
serve as repeaters, each of the plurality of repeater can-
didates associated with one of a plurality of ranks;

selecting a highest ranked repeater candidate from the plu-
rality of repeater candidates; and

configuring the highest ranked repeater candidate to serve

as a repeater between the cellular device and the base
station.

9. The non-transitory computer-readable storage medium
of claim 8, wherein the operations further comprise:

determining whether the repeater resolves the msuilicient

signal;

responsive to determining that the repeater does notresolve

the 1nsuificient signal, selecting a next highest ranked
repeater candidate from the plurality of repeater candi-
dates; and

configuring the next highest ranked repeater candidate to

serve as a second repeater, in place of the repeater,
between the cellular device and the base station.
10. The non-transitory computer-readable storage medium
of claim 8, wherein the operations further comprise:
determiming whether the insuflicient signal no longer exists
between the cellular device and the base station; and

responsive to determining that the msuificient signal no
longer exists between the cellular device and the base
station, configuring the highest ranked repeater candi-
date to terminate serving as the repeater between the
cellular device and the base station.

11. The non-transitory computer-readable storage medium
of claim 8, wherein configuring the highest ranked repeater
candidate to serve as the repeater between the cellular device
and the base station comprises transmitting an instruction to
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nest ranked repeater candidate, the instruction causing,

e hig

nest ranked repeater candidate to serve as the repeater

by relaying communications between the cellular device and
the base station.
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